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1
RESOURCE ALLOCATION

CROSS-REFERENCE TO RELATED
APPLICATIONS

The present application is a Continuation Application of
U.S. patent application Ser. No. 12/735,631, filed on Aug. 4,
2010, which is based on and claims priority from Patent
Cooperation Treaty Application PCT/JP2009/051391 filed
on Jan. 22, 2009, which is based on and claims priority from
United Kingdom Patent Application No. 0802117.2, filed on
Feb. 5, 2008, the entire contents of which are incorporated
herein by reference.

TECHNICAL FIELD

The present invention relates to the allocation of resources
within acommunication system. The invention has particular,
although not exclusive relevance to the allocation of virtual
resource blocks (VRBs) in an orthogonal frequency divi-
sional multiple access (OFDMA) communication system.

BACKGROUND ART

OFDMA and single carrier FDMA have been selected as
the downlink and uplink multiple access schemes for the
E-UTRA air interface currently been studied in 3GPP (which
is a standard based collaboration looking at the future evolu-
tion of third generation mobile telecommunication systems).
Under the E-UTRA system, a base station which communi-
cates with a number of mobile telephones allocates the total
amount of time/frequency resource (depending on band-
width) among as many simultaneous users as possible, in
order to enable efficient and fast link adaptation and to attain
maximum multi-user diversity gain. The resource allocated to
each mobile telephone is based on the instantaneous channel
conditions between the mobile telephone and the base station
and is informed through a control channel monitored by the
mobile telephone.

SUMMARY OF THE INVENTION
Problems to be Solved by the Invention

To benefit from the advantages of frequency diversity the
time frequency resources allocated to a particular mobile
telephone may be distributed across the bandwidth supported
by that device.

In order to take advantage of frequency diversity an effi-
cient mechanism for allocating resources across the sup-
ported bandwidth is required.

Means for Solving the Problems

According to an aspect of the present invention there is
provided a method of allocating resources in a communica-
tion system which uses a plurality of sub-carriers arranged in
a sequence of physical resource blocks wherein adjacent
blocks of the sequence are arranged in groups, the method
including, in a base station, determining at least one virtual
resource block for allocation to a mobile communications
device, signalling data identifying each virtual resource block
to the mobile communications device, and mapping each
allocated virtual resource block, using predetermined map-
ping data, onto a plurality of spaced physical resource blocks
to determine the physical resource blocks to be used for
communications with the mobile communications device. At
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least part of the predetermined mapping data defines an equa-
tion for the location of a further physical resource block,
relative to a first physical resource block. The equation for the
location of a further physical resource block can be repre-
sented as follows:

Iprp=(x+gap)mod 2*gap

where I, is the index of the further physical resource
block, x is the index of the first physical resource block and
gap is the spacing.

The predetermined mapping data defines the spacing to be
a function of the number of physical resource blocks repre-
sented by the virtual resource block. The predetermined map-
ping data can define the spacing to be a function of the number
of physical resource blocks in the sequence. At least part of
the predetermined mapping data can define an equation for
the spacing, the equation for the spacing is:

gap = {%J P2

where

NDL
G:[ RB“
P2

wherein gap is the spacing, P is the number of physical
resource blocks in each group, Nd is the number of physical
resource blocks which the virtual resource block represents,
Nz~ is the number of physical resource blocks in the
sequence, | | is the floor function and [ ] is the ceiling
function.

At least part of the predetermined mapping data defines a
look-up table. The signalled data represents an index of the
allocated virtual resource block.

In another aspect of the invention, a method is performed
by a mobile communications device which operates in a
communication system that uses a plurality of sub-carriers
arranged in a sequence of physical resource blocks, wherein
adjacent blocks of the sequence are arranged in groups, the
method includes receiving data identifying one or more vir-
tual resource blocks allocated to the mobile communications
device, and mapping each allocated virtual resource block,
using predetermined mapping data, onto a plurality of spaced
physical resource blocks to determine the physical resource
blocks to be used for communications with a base station, at
least part of the predetermined mapping data defines an equa-
tion for the location of a further physical resource block,
relative to a first physical resource block, and the equation for
the location of a further physical resource block can be rep-
resented as follows:

Iprp=(x+gap)mod 2*gap

where [, is the index of the further physical resource
block, x is the index of the first physical resource block and
gap is the spacing.

The predetermined mapping data can define the spacing to
be a function of the number of physical resource blocks
represented by the virtual resource block. The predetermined
mapping data can define the spacing to be a function of the
number of physical resource blocks in the sequence.
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At least part of the predetermined mapping data defines an
equation for the spacing, and the equation for the spacing is:

gap:{%J*Pz

where

NDL
G- [ﬁ}
p2

wherein gap is the spacing, P is the number of physical
resource blocks in each group, Nd is the number of physical
resource blocks which the virtual resource block represents,
Nz~ is the number of physical resource blocks in the
sequence, | | is the floor function and [ | is the ceiling
function.

At least part of the predetermined mapping data defines a
look-up table. The received data represents an index of the
allocated virtual resource block.

In another aspect of the invention, base station for use in a
communication system which uses a plurality of sub-carriers
arranged in a sequence of physical resource blocks wherein
adjacent blocks of the sequence are arranged in groups, the
base station including a processor for determining at least one
virtual resource block for allocation to a mobile communica-
tions device, a transmitter for signalling data identifying each
virtual resource block to the mobile communications device,
and a mapper for mapping each allocated virtual resource
block, using predetermined mapping data, onto a plurality of
spaced physical resource blocks to determine the physical
resource blocks to be used for communications with the
mobile communications device. At least part of the predeter-
mined mapping data defines an equation for the location of a
further physical resource block, relative to a first physical
resource block, and the equation for the location of a further
physical resource block can be represented as follows:

Iprp=(x+gap)mod 2*gap

where I, is the index of the further physical resource
block, x is the index of the first physical resource block and
gap is the spacing.

In another aspect of the invention, a mobile communica-
tions device which operates in a communication system that
uses a plurality of sub-carriers arranged in a sequence of
physical resource blocks, wherein adjacent blocks of the
sequence are arranged in groups, the mobile communications
device including a receiver for receiving data identifying one
or more virtual resource blocks allocated to the mobile com-
munications device, and a mapper mapping each allocated
virtual resource block, using predetermined mapping data,
onto a plurality of spaced physical resource blocks to deter-
mine the physical resource blocks to be used for communi-
cations with a base station. At least part of the predetermined
mapping data defines an equation for the location of a further
physical resource block, relative to a first physical resource
block, and the equation for the location of a further physical
resource block can be represented as follows:

Iprp=(x+gap)mod 2*gap

where I, is the index of the further physical resource
block, x is the index of the first physical resource block and
gap is the spacing.

In another aspect of the invention, a method performed by
acommunications device which operates in a communication
system that uses a plurality of sub-carriers arranged in a
sequence of physical resource blocks, wherein adjacent
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blocks of the sequence are arranged in groups, the method
including obtaining data identifying one or more allocated
virtual resource blocks, and mapping each allocated virtual
resource block, using predetermined mapping data, onto a
plurality of spaced physical resource blocks to determine the
physical resource blocks to be used for communications. At
least part of the predetermined mapping data defines an equa-
tion for the location of a further physical resource block,
relative to a first physical resource block; and the equation for
the location of a further physical resource block can be rep-
resented as follows:

Ippp=(x+gap)mod 2*gap

where [, is the index of the further physical resource
block, x is the index of the first physical resource block and
gap is the spacing.

The method can be performed by a mobile communica-
tions device and the obtaining can include receiving the data
identifying the one or more allocated virtual resource blocks.
The method can be performed by a base station and the
obtaining can include determining the data identifying the
one or more allocated virtual resource blocks.

BRIEF DESCRIPTION OF THE DRAWINGS

These and various other aspects of the invention will
become apparent, from the following detailed description of
embodiments which are given by way of example only and
which are described with reference to the accompanying
drawings in which:

FIG. 1 schematically illustrates a communication system
comprising a number of user mobile (cellular) telephones
which communicate with a base station connected to the
telephone network;

FIG. 2 illustrates how a communication bandwidth of 10
MHz is arranged in a plurality of physical resource blocks,
resource block groups and resource block group subsets;

FIG. 3 is a block diagram illustrating the main components
of the base station shown in FIG. 1;

FIG. 4A illustrates the way in which distributed pairs of
physical resource blocks within a 20 MHz band can be
mapped onto corresponding virtual blocks;

FIG. 4B illustrates the way in which distributed triplets of
physical resource blocks within a 20 MHz band can be
mapped onto corresponding virtual blocks;

FIG. 5 is a flow chart illustrating the processing carried out
by a resource allocation and a mapping module forming part
of the base station shown in FIG. 3;

FIG. 6 is a block diagram illustrating the main components
of one of the mobile telephones shown in FIG. 1; and

FIG. 7 is a flow chart illustrating the main processing steps
carried out by a resource determination module and a map-
ping module forming part of the mobile telephone shown in
FIG. 6.

DETAILED DESCRIPTION OF EXEMPLARY
EMBODIMENTS

Overview

FIG. 1 schematically illustrates a mobile (cellular) tele-
communication system 1 in which users of mobile telephones
3-0, 3-1, and 3-2 can communicate with other users (not
shown) via a base station 5 and a telephone network 7. In this
embodiment, the base station 5 uses an orthogonal frequency
division multiple access (OFDMA) technique in which the
data to be transmitted to the mobile telephones 3 is modulated



US 9,204,436 B2

5

onto a plurality of sub-carriers. Different sub-carriers are
allocated to each mobile telephone 3 depending on the sup-
ported bandwidth of the mobile telephone 3 and the amount of
data to be sent to the mobile telephone 3. In this embodiment
the base station 5 also allocates the sub-carriers used to carry 3
the data to the respective mobile telephones 3 in order to try to
maintain a uniform distribution of the mobile telephones 3
operating across the base station’s bandwidth. To achieve
these goals, the base station 5 dynamically allocates sub-
carriers for each mobile telephone 3 and signals the alloca- !
tions for each time point (sub-frame) to each of the scheduled
mobile telephones 3.

FIG. 2 illustrates how a bandwidth may conceptually be
divided up into resource blocks, resource block groups and
resource block group subsets. In FIG. 2, the sub-carriers have
been arranged in a continuous sequence of physical resource
blocks (PRBs) (each including the same number of sub-car-
riers) across the part of supported bandwidth used for data
transmission. )

The physical resource blocks are grouped into a plurality of
consecutive resource block groups (RBGs). Where possible
each group contains an equal number of resource blocks
known as the RBG size although where the number of con-
secutive blocks is not exactly divisible by the desired RBG
size the last group may contain fewer resource blocks.

For example, in FIG. 2 the supported bandwidth is 10 MHz
of which 9 MHz is used for data transmission. The 9 MHz is
divided into fifty resource blocks. The fifty resource blocks
are grouped into seventeen resource block groups each of the
first sixteen of which (RBG0 to RBG15) contains three
resource blocks (RBG size=3) and the last of which (RBG16)
contains two resource blocks.

The physical resource blocks are indexed consecutively
across the bandwidth (typically from zero to forty-nine for 10
MHz).

The resource block groups are further arranged into a plu-
rality subsets each of which includes a plurality of resource
block groups distributed evenly across the bandwidth. The
number of RBG subsets for a particular bandwidth and the
spacing between resource block groups within the subset are
both equal to the RBG size.

By way of illustration, in the example of FIG. 2 the seven-
teen resource block groups are allocated into three (i.e. the
RBG size for 10 MHz) groups. The first subset contains the
first, fourth, seventh, tenth, thirteenth and sixteenth groups.
Similarly, the second subset contains the second, fifth, eighth,
eleventh, fourteenth and seventeenth groups and the third
subset contains the remaining groups.

A similar approach is used for dividing up different sup-
ported bandwidths. The RBG size (and hence number of
subsets) for the different bandwidth is illustrated in the table
below:

30

N
=3

50

55
System
bandwidth,
MHz NP P
1.4 6 1
3 15 2
5 25 2 60
10 50 3
15 75 4
20 100 4

Where ‘P’ is the RBG size (and hence the number of RBG
subsets) and Nz7 is the number of resource blocks into
which the bandwidth is divided for downlink transmission.

6

As will be described in more detail below, in this embodi-
ment, the base station 5 allocates each mobile telephone 3 a
plurality of physical resource blocks by signalling data iden-
tifying a virtual resource block. The virtual resource block is
mapped onto the plurality of physical resource blocks using
stored mapping data (which may, for example, define an
equation and/or a look up table). The mapping data is such
that the mapped physical resource blocks are spaced over the
operating bandwidth and all belong to the same RBG subset.
Base Station

FIG. 3 is a block diagram illustrating the main components
of the base station 5 used in an embodiment of the invention.
As shown, the base station 5 includes a transceiver circuit 21
which is operable to transmit signals to and to receive signals
from the mobile telephones 3 via one or more antennae 23
(using the above described sub-carriers) and which is oper-
able to transmit signals to and to receive signals from the
telephone network 7 via a network interface 25. The operation

o ofthe transceiver circuit 21 is controlled by a controller 27 in

accordance with software stored in memory 29. The software
includes, among other things, an operating system 31 and a
resource allocation module 33. The resource allocation mod-
ule 33 is operable for allocating the resources used by the
transceiver circuit 21 in its communications with the mobile
telephones 3. As shown in FIG. 3, the resource allocation
module 33 also includes a mapping module 35 for mapping
resource allocations onto the physical resources allocated for
data communication with respective mobile telephones.

In this embodiment the resource allocation module 33 of
the base station is configured for allocating non-consecutive
physical resource blocks from different locations in the sup-
ported bandwidth to a mobile telephone as at least one dis-
tributed virtual resource block (DVRB). The mapping mod-
ule 33 of the resource allocation module is configured to map
each distributed virtual resource block onto the actual physi-
cal resource blocks it represents using a predetermined map-
ping, thereby allowing communication using the allocated
physical resources.

Each distributed virtual resource block represents either
two physical resource blocks (a DVRB-pair) as illustrated in
FIG. 4A or three equally spaced physical resource blocks (a
DVRB-triplet) as illustrated in FIG. 4B.

The actual physical resource blocks which a virtual
resource block represents depend on the number of physical
resource blocks Nd the virtual resource block represents, the
number of physical resource blocks in the supported band-
width N %, and the RBG size ‘P’ for the supported band-
width.

The DVRB-pair (Nd=2) or DVRB-triplet (Nd=3) of physi-
cal resource blocks allocated to a particular mobile telephone
has an index which is equal to the index of the physical
resource block of that DVRB-pair or DVRB-triplet to be used
for transmission of a first part of a sub-frame. The physical
resource block of the virtual resource block to be used for
transmission of a second part of the sub-frame is cyclically
spaced from the first by a gap comprising a defined number of
physical resource blocks. In the case of a DVRB-triplet the
physical resource block of the virtual resource block to be
used for transmission of a third part of the sub-frame is
cyclically spaced from the second by the same gap. Inthe case
of Nd=2 the cyclical spacing is relative to twice the gap size.
In the case of Nd=3 the similar cyclical spacing applies but
relative to three times the gap size.

More specifically, and as shown in FIG. 4 A, for distributed
virtual resource blocks representing two physical resource
blocks (Nd=2), if a mobile telephone is assigned a DVRB-
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pair x,, then the two (Nd) corresponding physical resource
blocks are located at a physical resource block index x, and
(X,+gap)mod 2*gap.

Similarly, for distributed virtual resource blocks represent-
ing three physical resource blocks (Nd=3), if a mobile tele-
phone is assigned a DVRB-triplet x5, then the three (Nd)
corresponding physical resource blocks are located at physi-
cal resource block index x,, (x;+gap)mod 3*gap and (x;+
2*gap)mod 3*gap.

The gap is defined to ensure that each physical resource
block of a particular virtual resource block is located at the
same relative position in its respective resource block group.
Furthermore, the gap is defined to ensure that the physical
resource blocks of a particular DVRB-pair or DVRB-triplet
are all located within the same Resource Block Group subset
for a given mobile telephone. It should be noted, however, that
according to this embodiment, it is still possible for different
mobile telephones to be allocated in different subsets using
distributed transmission.

To ensure that these conditions are met, the gap values are
defined as integer multiples of the square of the RBG size (P?)
as follows:

gap%%J*pz

where

NDL
G:[ RB“
P2

As defined previously, ‘P’ is the RBG size (and hence the
number of RBG subsets), Nd is the number of physical
resource blocks which the virtual resource block represents,
and N, F is the number of physical resource blocks in the
supported bandwidth. |r] is the floor function, i.e. the largest
integer not greater thanr, and |q] is the ceiling functioni.e. the
smallest integer not less than q.

The gap as defined by this equation for different system
bandwidths is illustrated in the table below:

System
bandwidth, gap g4

MHz Nzt P (Nd =2) (Nd =3)
14 6 1 3 2
3 15 2 8 4
5 25 2 12 8

10 50 3 27 18

15 75 4 32 16

20 100 4 48 32

The resource allocation module 33 of the base station 5 is
configured to assign a distributed virtual resource block to
each mobile telephone 3 as an index value x in the range 0 to
Nd*gap-1. The value x indicates the physical resource block
in which the mobile telephone 3 should transmit the first part
of the sub-frame. The second part of the sub-frame (and third
part in the case of Nd=3) may be found by applying offsets of
gap to x as described previously.

The base station 5 is configured to signal this index value
the mobile telephone 3 to which the corresponding distrib-
uted virtual resource block is allocated. The number (Nd) of
physical resource blocks which the distributed virtual
resource block represents is also signalled, typically on a
broadcast channel.
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The mapping module 35 is arranged to map the allocated
distributed virtual resource block for a particular mobile tele-
phone 3 onto the actual physical resource blocks required for
communication of each part of the sub-frame and to configure
the base station 5 for communication with that mobile tele-
phone 3 using the identified physical resource blocks. Simi-
larly, the mobile telephone 3 is configured to determine which
physical resource block should be used to receive the first,
second and third parts of the sub-frame (in the case of Nd=3)
from the index x and the value of gap calculated using the
above equation (or derived from an appropriate lookup table).

The base station 5 can also allocate contiguous blocks of
distributed virtual resource blocks to a given mobile tele-
phone 3, in which case the corresponding physical resource
blocks can be obtained by applying the method described
above to each of the assigned distributed virtual resource
block. Where a contiguous virtual resource blocks this may
be signalled to the mobile telephone either as separate virtual
resource blocks or by signalling data which can be mapped
onto the allocated virtual resource blocks using a suitable
function, equation or lookup table.

In the case that N, gap<N, %, the physical resource
blocks having indexes N gap to N,;~*~1 are not used for
distributed transmission. Furthermore, in the case that
N_gap>N, "%, the base station 5 does not allocate distributed
virtual resource blocks that would result in the condition (x
mod gap)+(N ~1)gap<N, ;2> not being satisfied.

FIGS. 4a and 4b show an example for Nd=2 and Nd=3
respectively where the supported bandwidth is 20 MHz. On
these figures, different hatching represents the assignment for
different mobile telephones, for distributed transmission. It is
clear from the assignments shown in FIGS. 4a and 45 that all
the physical resource blocks allocated to a particular mobile
telephone 3 are in the same resource block group subset at
different parts of the bandwidth for Nd=2 and Nd=3.

For example, in FIG. 4A the contiguous distributed virtual
resource blocks indexed 1 and 2 are allocated to a single
mobile telephone 3 for Nd=2. Thus, the mobile telephone 3
uses physical resource blocks indexed 1 and 2 to transmit the
first part of the sub-frame and physical resource blocks
indexed 49 and 50 to transmit the second part. Similarly, in
FIG. 4B, the single distributed virtual resource block indexed
32 is allocated to a mobile telephone 3 for Nd=3. In this case
the mobile telephone 3 uses the physical resource block
indexed 32 to transmit the first part of the sub-frame, physical
resource block indexed 64 to transmit the second part of the
sub-frame, and physical resource block indexed 0 to transmit
the third part of the sub-frame.

Advantageously, therefore, the same equation is used for
determining the gap size for both Nd=2 and Nd=3 to effi-
ciently determine the physical resource blocks onto which a
particular distributed virtual resource block is mapped. It will
be appreciated however, that whilst the gap size used for
mapping distributed virtual resource blocks onto physical
resource blocks has been described in terms of an equation,
any suitable method for implementing the same mapping may
be used. For example, the base station 5 (and/or the mobile
telephone 3) may be programmed to look up the correct gap
value in a lookup table stored in a local memory area.

It will be appreciated that for smaller bandwidths (for
example 1.4 MHz and 3 MHz) the allocated distributed vir-
tual resource blocks may be restricted to those mapped onto 2
two physical resource blocks (Nd=2) only. For larger band-
widths distributed virtual resource blocks comprising two or
three physical resource blocks (Nd=2 or Nd=3) may be allo-
cated.
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Resource Allocation Module Operation (Base Station)

FIG. 5 is a flow chart illustrating the main processing steps
carried out by the resource allocation module 33 of the base
station 5 in conjunction with the mapping module 35 to deter-
mine the distributed virtual resource allocation for the differ-
ent mobile telephones 3 scheduled for a current time point. As
shown, in step S1, the resource allocation module 33 deter-
mines the distributed virtual resource block allocation for a
particular mobile telephone 3. In step S2, the allocation mod-
ule 33 identifies the index value ‘x’ for the allocated distrib-
uted virtual resource block which, as described previously is
the same as the index value of the physical resource block to
be used for transmission of the first part of the sub-frame. In
step S3, the allocation module 33 signals the index value of
the allocated virtual resource block to the scheduled mobile
telephone 3. In step S4 the mapping module 35 of the alloca-
tion module 35 begins to determine the physical resource
blocks which the allocated distributed virtual resource block
represents by determining the value of the spacing (‘gap’) to
be applied to the index ‘x’ generally as described previously.

Depending on the number of physical resource blocks the
allocated distributed virtual resource represents the mapping
module then determines the actual physical resources for
communication. In the case of Nd=2, in step S6 the mapping
module 33 identifies the physical resource block for the first
part of the sub-frame. As described previously this is the
physical resource block having the same index as the allo-
cated virtual resource block. Then at step S7 the mapping
module 33 identifies the physical resource block for the sec-
ond part of the sub-frame by applying the value of the spacing
determined in step S4. In the case of Nd=3, the process is
broadly similar with the physical resource block for the first
part of the sub-frame being identified at step S8 from the
index value Y. The physical resource blocks for the second
and third parts of the sub-frame are identified at steps S9 and
S10 respectively by successive application of the spacing
determined at step S4.

When all the allocated resource blocks have been identified
the resource allocation module 33 initiates configuration of
the base station, in step S11, for communication using the
resource blocks identified for each part of the sub-frame.
Mobile Telephone

FIG. 6 schematically illustrates the main components of
each of the mobile telephones 3 shown in FIG. 1. As shown,
the mobile telephones 3 include a transceiver circuit 71 which
is operable to transmit signals to and to receive signals from
the base station 5 via one or more antennae 73. As shown, the
mobile telephone 3 also includes a controller 75 which con-
trols the operation of the mobile telephone 3 and which is
connected to the transceiver circuit 71 and to a loudspeaker
77, a microphone 79, a display 81, and a keypad 83. The
controller 75 operates in accordance with software instruc-
tions stored within memory 85. As shown, these software
instructions include, among other things, an operating system
87 and a resource determination module 89. The resource
determination module 89 includes a mapping module 91
which is operable to decode the resource allocation data sig-
nalled from the base station 5 to determine that mobile tele-
phone’s physical resource block allocation for a particular
part of the sub-frame.

Resource Determination Module Operation (Mobile Tele-
phone)

FIG. 7 is a flow chart illustrating the main processing steps
carried out by the resource determination module 89 of a
mobile telephone 3, in conjunction with the mapping module
91, to determine the distributed virtual resource allocated to
it. As shown, in step S11, the resource determination module
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89 receives the distributed virtual resource block allocation
signalled by the base station. In step S12, the resource deter-
mination module 89 derives the index value ‘x’ for the allo-
cated distributed virtual resource block which, as described
previously is the same as the index value of the physical
resource block to be used for transmission of the first part of
the sub-frame. In step S4 the mapping module 91 of the
determination module 89 begins to determine the physical
resource blocks which the allocated distributed virtual
resource block represents by determining the value of the
spacing (‘gap’) to be applied to the index ‘X’ generally as
described previously.

Depending on the number of physical resource blocks the
allocated distributed virtual resource represents the mapping
module 91 then determines the actual physical resources for
communication. In the case of Nd=2, in step S16 the mapping
module 91 identifies the physical resource block for the first
part of the sub-frame. As described previously this is the
physical resource block having the same index as the allo-
cated virtual resource block. Then at step S17 the mapping
module 91 identifies the physical resource block for the sec-
ond part of the sub-frame by applying the value of the spacing
determined in step S14. In the case of Nd=3, the process is
broadly similar with the physical resource block for the first
part of the sub-frame being identified at step S18 from the
index value ‘x’. The physical resource blocks for the second
and third parts of the sub-frame are identified at steps S19 and
S20 respectively by successive application of the spacing
determined at step S14.

Where a contiguous virtual resource block has been allo-
cated the resource determination module 89 repeats the pro-
cess from steps S12 to S22 for each of the virtual resource
blocks in the contiguous block.

When all the allocated resource blocks have been identified
the resource determination module 91 initiates configuration
of the mobile telephone, in step S21, for communication
using the resource blocks identified for each part of the sub-
frame.

Modifications and Alternatives

A number of detailed embodiments have been described
above. As those skilled in the art will appreciate, a number of
modifications and alternatives can be made to the above
embodiments whilst still benefiting from the inventions
embodied therein. By way of illustration only a number of
these alternatives and modifications will now be described.

In the above embodiments, a mobile telephone based tele-
communication system was described in which the above
described resource allocation techniques were employed. As
those skilled in the art will appreciate, the signalling of such
resource allocation data can be employed in any communi-
cation system that uses a plurality of sub-carriers. In particu-
lar, the signalling techniques described above can be used in
wire or wireless based communications either using electro-
magnetic signals or acoustic signals to carry the data. In the
general case, the base station would be replaced by a com-
munication node which communicates with a number of dif-
ferent user devices. For example, while the term ‘mobile
telephone’ has been used throughout the description the
methods and apparatus described are equally applicable to
any mobile communication devices, for example, personal
digital assistants, laptop computers, web browsers, etc.

In the above embodiments, the base station was assumed to
have an operating bandwidth of 20 MHz and each resource
block included 12 sub-carriers. As those skilled in the art will
appreciate, the invention is not limited to this particular size
of'bandwidth or resource block size or to the frequency spac-
ing of the sub-carriers described.



US 9,204,436 B2

11

In the encoding techniques described above, a mapping
was defined between the allocated virtual resource block and
the physical resource blocks it represented. As those skilled in
the art will appreciate, this mapping may be defined in any
appropriate way, such as using an equation or using a lookup
table. The use of an equation is preferred as it removes the
need to store a lookup table both in the base station 5 and in
each of the mobile telephones 3. Although the equations
described above are preferred due to their simplicity, other
equations may be used to define this mapping.

In the above embodiments, the allocation of a plurality of
contiguous virtual resource blocks was described. As those
skilled in the art will appreciate, a plurality of non-contiguous
virtual resource blocks may similarly be allocated.

In the above embodiments, a number of software modules
were described. As those skilled will appreciate, the software
modules may be provided in compiled or un-compiled form
and may be supplied to the base station or to the mobile
telephone as a signal over a computer network, or on a record-
ing medium. Further, the functionality performed by part or
all of this software may be performed using one or more
dedicated hardware circuits. However, the use of software
modules is preferred as it facilitates the updating of base
station 5 and the mobile telephones 3 in order to update their
functionalities.

The following is a detailed description of the way in which
the present inventions may be implemented in the currently
proposed 3GPP LTE standard. Whilst various features are
described as being essential or necessary, this may only be the
case for the proposed 3GPP LTE standard, for example due to
other requirements imposed by the standard. These state-
ments should not, therefore, be construed as limiting the
present invention in any way.

1 Introduction

In the last meeting RAN1#51B is, some agreements were
reached about the assignment of Nd PRB-pairs to which a
DVRB pair is mapped [7]. However, the details of the exact
mapping remain to be discussed.

In this contribution, we discuss a mechanism for mapping
the DVRBs to PRBs with Nd=2 and Nd=3.

2 DVRB to PRB Mapping

Distributed transmission can use either Nd=2 or Nd=3.

We propose that for Nd=2, ifa UE is assigned a DVRB-pair
X, then the mapped Nd PRBs are located at PRB index x and
(x+gap)mod 2*gap. Similarly, for Nd=3, ifa UE is assigned a
DVRB-triplet x, then the Nd PRBs are located at PRB index
X, (x+gap)mod 3*gap and (x+2*gap)mod 3*gap. The value of
gap is a function of Nd and the total number of PRBs in the
system bandwidth N , ;7%

In the last meeting RAN1#51B is, there was a desire to
keep the Nd PRBs associated with a DVRB-pair or DVRB-
triplet within one Resource Block Group (RBG) subset for a
given UE. (However, it should still be possible for different
UEstobeallocated in different RBG subsets using distributed
transmission).
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APPENDIX 1

Subset Configurations in 10 MHz Bandwidth

Based on that desire/requirement, the gap values need to be
carefully calculated to keep a DVRB-pair or DVRB-triplet
within one RBG subset. Specifically, gap should be a multiple
of P? where P is the RBG size given in [8]. The gap can be
calculated as follows:

Where

NDL
G- [_}
p2

This is shown in Appendix 2.
APPENDIX 2

PRB spacing

System

bandwidth, gap gap
MHz NgsPr P (Nd =2) (Nd =3)

14 6 1 3 2

3 15 2 8 4

5 25 2 12 8

10 50 3 27 18

15 75 4 32 16

20 100 4 48 32

The eNodeB assigns a DVRB to each UE as a value x in the
range 0 to Nd*gap-1. The value x indicates the PRB in which
the UE should transmit the first part of the sub-frame. The UE
finds the PRB used to transmit the second part of the sub-
frame (and third part in the case of Nd=3) by applying offsets
of'gap to x as described above.

The eNodeB may also assign a contiguous block of
DVRBs to a given UE, in which case the corresponding PRBs
can be obtained by applying the method described above to
each assigned DVRB.

In the case that N ,gap<N;”*, PRBs N_gap to N, ;”-1
cannot be used for distributed transmission. In the case that
N_gap>N, "%, the eNodeB must not allocate DVRBs that
would resultin the condition (x mod gap)+(N ,~1)gap<N;~*
not being satisfied.

Appendix 3 and 4 show an example for Nd=2 and Nd=3
respectively for the 20 MHz system bandwidth case. On these
figures, different colors represent difterent UEs’ assignments
for distributed transmission. It is clear from these assign-
ments that all the PRBs allocated to a particular UE are in the
same RBG subset on the different parts of Nd=2/3.

RBG14 RBG15 RBGI16

PRB

Subset 0

o]t ]2]

Subset 1

Subset 2

o] t]2]
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Freq
Time Subset 1 Subset 2 FRB Subset 1 Subset 2
v A Vs A N\ e ({ —_——— .
3 45 6 7 8(9)10 46 47148 49 50 51 52 53 54 55 56 57 58 94 05|96 99
1 sub- 3441516 7]8]9]|10]-]|46 51]52153]54155]15657]58]--[94]95 -
frame 52|53|54(55(56]57]58] 41516171819 (10]-|46|47
gap=48 gap=48 Not used!
for DVRBs
DVRB assignment (x)
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APPENDIX 3
Keeping a DVRB-Pair within One RBG Subset for
Nd=2 in 20 MHz Bandwidth
Freq
PRB
Time Subset 1 /Subset 2 Subset 1 Subset 2 Subset 1 Subset 2
0_ 1. 243)4 5 6 7 31 f32 33 34 35‘,36 37 38 3; 63r64 65 66 67‘,68 69 70 71‘." 95196 99
: 2f 34516731 33|34|35(36|37|38]39]-- 70[71|-[94
%S“b' 66]67[68[e0]70]71] [05 3[4]s5]6 |6 38[39| [63
rame
35(36]37]38(39] |63 6566 67|68 69| 70171 61731
gap=32 gap=32 gap=32 Not used"
. for DVRBs
DVRB assignment (x)
APPENDIX 4 33 [3] R1-070881, “Uplink Resource Allocation for EUTRA”
NEC Group, NTT DoCoMo.
Keeping a DVRB-Triplet within One RBG Subset [4] R1-072826, “DL Distributed Resource Signalling for
for Nd=3 in 20 MHz EUTRA”, NEC ,
[5]1R1-074602, “Downlink DVRB email reflector summary”,
3 Conclusions % Motorola .
In thi tributi have di d hanism f [6] R1-075056, “Way forward Resource allocation for Com-
n this contribution, we have discussed a mechanism for pact DL grant”, NEC, et al.
mapping the DVRBs to PRBs with Nd=2 and Nd=3. In order [7] R1-080571, “Outcome from ad hoc session on DVRB”,
to keep a DVRB-pair or DVRB-triplet within one RBG subset Motorola
for a UE, and to maximise the number of assignable RBs for 45 [8] TS 36.213 V8.1.0
distributed transmission, tl.le following equation is proposed What is claimed is:
to calculate the gap values: 1. A method of allocating resources in a communication
system which uses a plurality of sub-carriers arranged in a
sequence of physical resource blocks, wherein adjacent
ap = {EJ* P 50 blocks of said sequence are arranged in groups, in a base
Na station the method comprising:
Where determining at least one virtual resource block for alloca-
DL tion to a mobile communications device;
G= [%} signalling data identifying each virtual resource block to
P 55 said mobile communications device; and
mapping each allocated virtual resource block, using pre-
and P is the RBG size. determined mapping data, onto a plurality of spaced
It is also proposed to use Nd=2 for all bandwidths and physical resource blocks to determine the physical
Nd=3 from 5 MHz to 20 MHZ bandwidths. resource blocks to be used for communications with the
60 mobile communications device,
REFERENCES wherein at least part of said predetermined mapping data
defines an equation for a location of a further physical
[1]R1-070874, “Downlink Distributed Resource Block Map- resource block, relative to a first physical resource block,
ping”, NEC, NTT DoCoMo i tation for the location of  further mhvsical
¢ > L . wherein the equation for the location of a further physica
[2] R1-072946, “RB-level Distributed Transmission Method 65 resource block can be represented as follows:

for Shared Data Channel in E-UTRA Downlink”, NTT
DoCoMo, Fujitsu, KDDI, Sharp, Toshiba Corporation.

Iprp=(x+gap)mod 2*gap
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where [,z5 is an index of the further physical resource
block, x is an index of the first physical resource block
and gap is a spacing.

2. A method according to claim 1, wherein said predeter-
mined mapping data defines the spacing to be a function of the
number of physical resource blocks represented by the virtual
resource block.

3. A method according to claim 1, wherein said predeter-
mined mapping data defines the spacing to be a function of the
number of physical resource blocks in said sequence.

4. A method according to claim 1, wherein at least part of
said predetermined mapping data defines an equation for the
spacing, and

wherein said equation for the spacing is:

gap:{%J*Pz

where

NDL
G- [ﬁ}
p2

where gap is the spacing, P is the number of physical
resource blocks in each group, Nd is the number of
physical resource blocks which the virtual resource
block represents, N;~* is the number of physical
resource blocks in the sequence, | | is the floor function
and [ ] is the ceiling function.

5. A method according to claim 1, wherein at least part of
said predetermined mapping data defines a look-up table.

6. A method according to claim 1, wherein said signalled
data represents an index of the allocated virtual resource
block.

7. A method performed by a mobile communications
device which operates in a communication system that uses a
plurality of sub-carriers arranged in a sequence of physical
resource blocks, wherein adjacent blocks of said sequence are
arranged in groups, the method comprising:

receiving data identifying one or more virtual resource

blocks allocated to the mobile communications device;
and

mapping each allocated virtual resource block, using pre-

determined mapping data, onto a plurality of spaced
physical resource blocks to determine the physical
resource blocks to be used for communications with a
base station,

wherein at least part of said predetermined mapping data

defines an equation for a location of a further physical
resource block, relative to a first physical resource block,
and

wherein the equation for the location of a further physical

resource block can be represented as follows:

Ippp=(x+gap)mod 2*gap

where [,z5 is an index of the further physical resource
block, x is an index of the first physical resource block
and gap is a spacing.

8. A method according to claim 7, wherein said predeter-
mined mapping data defines the spacing to be a function of the
number of physical resource blocks represented by the virtual
resource block.

9. A method according to claim 8, wherein said predeter-
mined mapping data defines the spacing to be a function of the
number of physical resource blocks in said sequence.
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10. A method according to claim 8, wherein at least part of
said predetermined mapping data defines an equation for the
spacing, and

wherein equation for the spacing is:

gap = {%J P

where

NDL
Go [ﬂ}
p2

where gap is the spacing, P is the number of physical
resource blocks in each group, Nd is the number of
physical resource blocks which the virtual resource
block represents, Nz~* is the number of physical
resource blocks in the sequence, | | is the floor function
and [ ] is the ceiling function.

11. A method according to claim 8, wherein at least part of
said predetermined mapping data defines a look-up table.

12. A method according to claim 8, wherein said received
data represents an index of the allocated virtual resource
block.

13. A base station for use in a communication system
which uses a plurality of sub-carriers arranged in a sequence
of physical resource blocks wherein adjacent blocks of said
sequence are arranged in groups, the base station comprising:

a processor for determining at least one virtual resource

block for allocation to a mobile communications device;

a transmitter for signalling data identifying each virtual

resource block to said mobile communications device;
and

a mapper for mapping each allocated virtual resource

block, using predetermined mapping data, onto a plural-
ity of spaced physical resource blocks to determine the
physical resource blocks to be used for communications
with the mobile communications device,

wherein at least part of said predetermined mapping data

defines an equation for a location of a further physical
resource block, relative to a first physical resource block,
and

wherein the equation for the location of a further physical

resource block can be represented as follows:

Iprp=(x+gap)mod 2*gap

where 1,5 is an index of the further physical resource
block, x is an index of the first physical resource block
and gap is a spacing.

14. A mobile communications device which operates in a
communication system that uses a plurality of sub-carriers
arranged in a sequence of physical resource blocks, wherein
adjacent blocks of said sequence are arranged in groups, the
mobile communications device comprising:

areceiver for receiving data identifying one or more virtual

resource blocks allocated to the mobile communications
device; and
a mapper mapping each allocated virtual resource block,
using predetermined mapping data, onto a plurality of
spaced physical resource blocks to determine the physi-
cal resource blocks to be used for communications with
a base station,

wherein at least part of said predetermined mapping data
defines an equation for a location of a further physical
resource block, relative to a first physical resource block,
and
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wherein the equation for the location of a further physical
resource block can be represented as follows:

Iprp=(x+gap)mod 2*gap

where [,z5 is an index of the further physical resource
block, x is an index of the first physical resource block
and gap is a spacing.

15. A method performed by a communications device
which operates in a communication system that uses a plu-
rality of sub-carriers arranged in a sequence of physical
resource blocks, wherein adjacent blocks of said sequence are
arranged in groups, the method comprising:

obtaining data identifying one or more allocated virtual

resource blocks; and

mapping each allocated virtual resource block, using pre-

determined mapping data, onto a plurality of spaced
physical resource blocks to determine the physical
resource blocks to be used for communications,
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wherein at least part of said predetermined mapping data
defines an equation for a location of a further physical
resource block, relative to a first physical resource block,
and
wherein the equation for the location of a further physical
resource block can be represented as follows:
Iprp=(x+gap)mod 2*gap

where 1,5 is an index of the further physical resource
block, x is an index of the first physical resource block
and gap is a spacing.

16. A method according to claim 15, performed by a mobile
communications device and wherein said obtaining com-
prises receiving the data identifying the one or more allocated
virtual resource blocks.

17. A method according to claim 15, performed by a base
station and wherein said obtaining comprises determining the
data identifying the one or more allocated virtual resource
blocks.



